Significant mtDNA variation in Southeastern Europe (SEE) reflects the turbulent and complex demographic history of the region, influenced by gene flow from various parts of Eurasia and a long history of intermixing. In this study we present the maternal genetic profile of the Serbian and Montenegrin populations based on the high resolution analysis of 258 mtDNAs, 119 samples from Serbia and 139 samples from Montenegro. Besides the evidence of minor gene flow from distant central/northeastern Asia, the majority of haplogroups place these populations in the broader genetic landscape of Southeastern Europe, close to their neighbors.
Introduction
The region of Southeastern Europe (SEE) has been inhabited since the Middle Paleolithic, with a key role in the Upper Paleolithic recolonization of Europe and the Neolithic spread of agriculture (Forenbaher & Miracle, 2005) . Based on the analysis of uniparental markers (mitochondrial DNA and Y chromosome), the current patterns of genetic variation can be utilized to gain insights into past population processes, migrations and other demographic events and in the last two decades significant results have been published regarding peopling of the world and specific genetic structure and variation of different populations (Karmin et al., 2015; Nielsen et al., 2017) . Results of mitochondrial DNA variation of this region published so far reflect the turbulent and complex demographic history of SEE, influenced by gene flow from various parts of Eurasia and a long history of intermixing (Malyarchuk et al., 2003; Cvjetan et al., 2004; Bosch et al., 2006; Peričić et al., 2005; Šarac et al. 2014; Kovačević et al. 2014 , Davidović et al. 2015 . The general aim of this study is to enrich the current mtDNA database on Slavic-speaking, Southeast European populations that share the same geographic area, are of the same religious background and have a long history of cohabitation in this region. The specific aim is to present a detailed view of the mtDNA landscape of two SEE populations, Serbians and Montenegrins, in 
Materials and methods

Sample
Our sample consists of 258 unrelated individuals from two SEE populations; 119 samples from Serbia, published previously (Cvjetan et al. 2004) and presented here in higher resolution and 139 samples from Montenegro that are reported here for the first time. Geographic locations of the SEE and position of our sampled populations within it are depicted in Figure 1 . Blood samples were collected from healthy adults after obtaining informed consent and all examinees completed an extensive questionnaire with genealogical information that allowed exclusion of potentially related individuals up to the grandparent level. The DNA was extracted from whole blood according to the standard 'salting out' method (Miller et al., 1988) In cases when the RLFP method was unavailable due to the lack of restriction site for an enzyme, the mtDNA segment of interest was amplified by PCR and sequenced. In order to enable comparison of our results with the ones from other mtDNA studies, the HVS-I sequences were aligned and analyzed according to the revised Cambridge Reference Sequence (rCRS; NC_012920) (Andrews et al., Principal Component Analysis (PCA) was performed as a visual representation of the differences between the populations based on mtDNA subhaplogroup frequencies, using the free software POPSTR (http://harpending.humanevo.ut ah.edu/popstr/).
Results and Discussion
The obtained results show that the Serbian and Montenegrin mtDNA diversity fits within the wider SEE maternal genetic landscape, as expected (Cvjetan et al., 2004; Bosch et al., 2006 , Šarac et al. 2014 Davidović et al. 2015) . However, in spite of the geographical proximity of the SEE populations (Fig. 1) , certain differences can be observed in mtDNA haplogroup composition and variation. Haplogroups and their frequencies in each of the sampled populations are presented in Figure 2 and Tables 3 and 4 . A high degree of haplotype diversity has been established and, in total, 13 major haplogroups, 49 sublineages and 160 haplotypes have been detected in 258 analyzed samples. Less than 2% of the samples can be attributed to haplogroups of non-European lineage, which is their typical portion in the European mtDNA gene pool (Šarac et al. 2014) . The most dominant European clade, H haplogroup (hg), is found in 44.3% of the total sample, followed by hgs U (17.7%) and J (8.8%).
Our results have confirmed haplogroup H as a prevalent clade in the sample with a frequency of 40.34% among the Serbians and 48.20% among the Montenegrins. Macrohaplogroup H has been in the focus of human genetic diversity studies for almost 15 years, with an estimated coalescence time of ~20,000 ya. Examining the spatial distribution of H lineages and other features associated with its evolutionary history has led to the proposal that this clade was involved in a post-glacial re-expansion of populations from southwestern Europe to the rest of the continent (Hernandez et al. 2017) .
The dominance of this lineage among the Serbians and Montenegrins is also in line with previous studies of hg H variation in the SEE region (Cvjetan et al., 2004; Peričić et al., 2005; Loogvali et al., 2004 , Alvarez-Iglesias et al., 2009 , Šarac et al. 2014 , with a rich inner diversification (subhaplogroups H*, H1, H2, H3, H4, H5, H6, H7, H11, H12, H13, H14 have been found in the total sample). However, paraphyletic cluster H* and hgs H1, H2 and H5 account for more than 60% of the H portion among Serbians and Montenegrins. These are typical H haplogroup results for SEE. Haplogroup U is the second most frequent haplogroup in Europe and in our sample as well (21% among the Serbians and 14.4% among the Montenegrins) and it is considered to be the oldest European hg, especially its U5 sublineage with an estimated coalescence time of about 36,000 ya (Soares et al., 2010; Malyarchuk et al. 2010 ). In our sample U5 also represents the dominant U sublineage, harboring almost half of all U individuals. Interestingly, the Serbian population harbors significantly more U4 individuals (6.7%) than the Montenegrin population (2.2%). U4 is in general the second largest U subhg in Europe and, similar to U5, it shows "molecular signals" for late glacial and post-glacial expansion . Other sublineages, such as U1, U2e, U3, U6, U7 and U8 are all present in our sample, however in a much smaller portion.
Haplogroup J started to spread from the Near East into Europe immediately after the peak of the last glaciation, ∼19 000 ya, together with haplogroup T, and its major expansion in Europe followed in the Late Glacial period, ∼16-12 000 ya (Pala et al. 2012 lineage in the general sample and individually among Serbians (6.7%) and Montenegrins (10.8%) as well. Kovačević et al. (2014) stated in their paper that sub-hg J1 is the most frequent and widespread in all studied Western Balkan populations and it is also well diversified in this sample. Interestingly, it is significantly more diversified in the Montenegrin population, in comparison with the Serbian one.
Other typically European haplogroups (T, K, I, V, HV, X, W) are represented in the general sample with a similar frequency as reported previously for this region of Europe, without significant differences between the Serbians and Montenegrins (Šarac et al. 2014; Kovačević et al. 2014; Davidović et al. 2015) . Non-European haplogroups present in the sample are hg A and D, more specifically A8 and D4 subclades. Haplogroup A is believed to have arisen in Asia some 30,000-50,000 BP and is most abundant among Native Americans and East Asians, while haplogroup D is the second most common haplogroup in all northern Asian populations (20%) and also very common in eastern/central Asia and America , Fedorova et al. 2013 . The presence of these lineages indicates minor signals of long-distance migrations (most probably single events from central/northeastern Asia) which have left a trace in the genetic heritage of these SEE populations.
In order to place the Serbian and Montenegrin population in a wider SEE context, we compared them to Albanians, Macedonians, Greeks, Bosnians, Herzegovinians, Bulgarians, Croatians, and Romanians. In order to visualize these relations, a PCA plot has been constructed based on haplogroup frequencies of the named SEE populations (Fig. 3) . The reference data used for the comparative analyses are presented in Table 2 . Genetic profiles of the populations under study resemble those of their geographical neighbors and are clustered among them. The most prominent outlier is Greece, which is also the southernmost population in the comparative sample (located geographically in Southern, not Southeastern Europe) and under the influence of maritime migrations and gene flow from other regions. The outlying position of Slovenia also supports the previously proposed hypothesis that populations of the northern part of SEE fit better into the central/eastern European context than into the southern European one (Malyarchuk et al., 2003; Šarac et al. 2014 ).
Conclusions
This study shows that the maternal genetic heritage of Serbians and Montenegrins is in concordance with the general European mtDNA gene pool and that of the neighboring populations. We can conclude that, in spite of cultural and ethnic diversity of SEE populations, this region consists mainly of Slavic-speaking populations that share the Table 4 . mtDNA haplogroup frequencies in sampled populations and other see populations used for comparison in the pca plot same geographic background and have a long history of cohabitation in this region, which is why they are genetically quite homogenous.
